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Indirect development and the bilaterian body plan
Cesar Arenas-Mena
College of Staten Island/City Univ. of NY Biology, Staten Island, NY, USA
The characterization of indirect development in marine inverte-
brate embryos challenges major assumptions in metazoan body plan
evolution. The synexpression of transcription factors in indirectly
developing sea urchins, polychaetes and cnidarians during embry-
ogemesis suggests that indirect development by means of a ciliated
larva is ancestral in eumetazoans, and that the syncytial “endoderm”
of acoelomorph flatworms and the epibolic gastrulation of direct
developers are derived. The histone variant H2A.Z is associated with
transcriptional multipotency in indirectly developing sea urchins and
polychaetes. Adult development of indirect developers is not entirely
reliant on multipotent ‘set-aside’ cells. The redeployment of H2A.Z in
differentiated larval regions known to contribute to adult organs of
the polychaete Hydroides elegans also suggests a role for this histone
in transdifferentiation, a process that is generally considered
exceptional among direct developers. It is proposed that develop-
ment through partial dedifferentiation represents the ancestral
developmental mode of metazoans, and that stem cells represent a
developmental shortcut innovation. Thus, the evolution and ontogeny
of indirect development seems more continuous than indirectly
developing echinoderms would suggest. The genomic organization
and usage of the Hox cluster in indirect developers also suggests an
ancestral association with the feeding-dependent development of the
reproductive side of metazoans, which proceeds by terminal growth
in bilaterians. This is in contrast with the prevailing assumption of an
ancestral role of the Hox cluster in anteroposterior diversification,
which would represent a secondary cooption.
doi:10.1016/j.ydbio.2011.05.564
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Wnt signaling promotes oral fates during regeneration and
embryogenesis in the cnidarian Nematostella vectensis
Michael Trevino, Shane Harmon, Patrick M. Burton
Wabash College Biology, Crawfordsville, IN, USA
Although all metazoans display axial polarity during develop-
ment, the evolutionary origins of the mechanisms underlying this
polarity remain poorly understood. Recent work has identified a
conserved role for the canonical Wnt signaling pathway in patterning
of the primary axis across a wide variety of taxa. Much of the data
now available from non-triploblastic animals originates from study of
non-embryonic modes of development, yet the relationship among
embryonic and adult (e.g. regeneration) developmental modes is
unclear. Using beta-catenin as a marker, we investigated the role of
the Wnt signaling pathway during both regeneration and embry-
ogenesis in the cnidarian Nematostella vectensis. Induction of Wnt
signaling with alsterpaullone results in ectopic oral tissue develop-
ment during both regeneration and embryogenesis. The specificity of
these effects is demonstrated by upregulation of beta-catenin, as
measured by qRTPCR. Our data indicate that canonical Wnt signaling
is responsible for oral patterning across Nematostella developmental
modes. When interpreted in the context of data from other
cnidarians, these results suggest that the Wnt/beta-catenin pathway
may have been involved in patterning the primary body axis of the
anthozoan–medusozoan common ancestor, and that this signaling
module has been recruited to pattern the oral–aboral axis in multiple
developmental contexts within Cnidaria. Our data also contribute to
a growing body of literature indicating a conserved role for
patterning mechanisms across the various developmental modes of
metazoans.
doi:10.1016/j.ydbio.2011.05.565
Program/Abstract #504
Program/Abstract #504 will be presented as scheduled, but the
abstract cannot be published due to lack of license agreement
between authors and publisher.
doi:10.1016/j.ydbio.2011.05.566
Program/Abtract #505
Spatial expression patterns of delta, gcm and brachyury in the
cidaroid sea urchin Eucidaris tribuloides
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John Bednarz
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Cidaroid and euechinoid sea urchins diverged approximately
250 million years ago. Important differences seen in the development
of cidaroids include slower overall development, delayed skeleto-
genic cell development, and variable number and size of micromeres
compared to euechinoids. The purpose of this project is to initiate a
study to compare the spatial expression of several important genes
between cidaroids and other echinoderms with a goal of explaining
the developmental differences seen between these groups. Previous
studies with euechinoid sea urchins have shown that delta is
expressed by micromere descendants in the vegetal plate, macromere
descendants in the vegetal plate and archenteron, pigment cells, and
cells in the apical region. In cidaroids, delta is expressed by very few
cells in the vegetal plate, possibly pigment cells, and cells in the
ciliary band. Expression in the apical region and in the ciliary band
suggests a possible role for Delta/Notch signaling during neural
development. In the euechinoid sea urchins, previous studies have
shown that gcm is expressed in the vegetal plate, the tip of the
archenteron, and pigment cells. In cidaroids, gcm is expressed in
similar cell types, but also within the coelomic pouches. Coelomic
pouch expression suggests a possible role for GCM beyond pigment
cell specification. Brachyury has been found by others to be expressed
in cells at the base of the archenteron and in the oral ectoderm in
euechinoids. The cidaroid expression of brachyury is very similar.
Overall, the cidaroid expression patterns of delta, gcm and brachyury
are similar to what has been shown in euechinoid sea urchins but
delta and gcm have some striking differences as well.
doi:10.1016/j.ydbio.2011.05.567
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Breaking symmetry in early embryos of Platynereis dumerilii
Stephan Schneider
Iowa State University, Ames, IA, USA
Embryonic development shapes the size of subsequent morpho-
logical features e.g. of larvae and/or adults by specifying areas and/or
progenitor cells of different size and fates. Spiralian embryos
accomplish these by highly stereotypic and invariant asymmetric
cell divisions. In Platynereis embryos each embryonic cell can be
already identified by its size and position within the embryo. Here we
report the cell lineages of the four animal-pole daughter cells from an
eight cell stage embryo, the micromeres 1a, 1b, 1c, and 1d until the
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~200 cell stage. We define the stereotyped sister cell asymmetries (as
observed by different cell sizes, cell cycle times, and beta-catenin
activation patterns) in each cell division cycle within this period. The
patterns of spindle orientation are tightly regulated on the right and
left side to generate invariant embryonic symmetries as well as
asymmetries. Bilateral symmetrical patterns of progenitor cells arise
within most of the cell lineages e.g. that form pairs of eyes and the
brain. However, symmetries get sometimes broken to generate
asymmetric single embryonic progenitors that may form the apical
organ and the dorsal midline. Our analyses demonstrate how
modules of sister cell asymmetries form animal–vegetal, dorsal–
ventral, and left and right global embryonic axes.
doi:10.1016/j.ydbio.2011.05.568
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GBX2 target gene identification reveals Usher syndrome genes
PCD15 and USH2A
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Gbx2 encodes a DNA-binding transcription factor that plays pivotal
roles in patterning the vertebrate neural tube. Loss-of-function and
overexpression studies in several vertebrate species have demonstrated
a requirement of Gbx2 for anterior hindbrain and inner earmorphogen-
esis. However, relatively little is known about its mechanism of action.
The aimof thepresent studywas touse chromatin immunoprecipitation
coupled with direct sequencing (ChIP-Seq) analysis to identify cis-
regulatory elements bound by GBX2 to provide insight into its direct
downstream targets. The analysis has revealed a number of statistically
significant candidate target genes of GBX2. Three of which, Proto-
cadherin 15 (PCDH15), Usherin (USH2A) and NOTCH2, are expressed in
the inner ear. Interestingly, PCDH15 and USH2A are associated with
multiple subtypes of Usher syndrome, the most common form of deaf-
blindness in the United States and are necessary structurally and
functionally for development of the inner ear and eye. Similarly, Notch
signaling is necessary for normal development of sensory organs in the
inner ear. Consistent with our bioinformatics analysis, we determined
through gel shift analyses that the sequences identified within genes
encoding PCDH15, USH2A and NOTCH2, are directly bound by GBX2. In
addition, we show through RT-PCR analysis that all three genes are co-
expressed with GBX2 in cochlear and vestibular tissue during inner ear
development. Together, these results suggest that an important function
ofGBX2 in innereardevelopment is transcriptional regulation of Pcdh15
and Ush2a activities.
doi:10.1016/j.ydbio.2011.05.569
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Expression analyses of Mc1r in the blind Mexican cavefish,
Astyanax mexicanus
Bethany Stahl, Joshua Gross
University of Cincinnati, Cincinnati, OH, USA
Thephenotypic loss or regression ofmorphological traits is awidely
present, but poorly understood phenomenon. The loss of phenotypic
characters is difficult to easily reconcile with natural selection. Are
certain traits under negative selection avoid a metabolic cost?
Alternatively, do regressive features reveal the pleiotropic conse-
quences of genes selected for an unrelated fitness benefit? Or, do
regressive features arise in populations due to drift? The brown
mutation, characterized in several independent populations of the
Mexican cave tetra Astyanax mexicanus, is encoded by the gene Mc1r.
Brown is a simple trait affecting pigmentation and leading to brownish
eyes and reduced numbers of pigment-producing melanophores. This
phenotype fails to complement in crosses between several indepen-
dent, extant cave populations, implying the brown phenotype is
governed by the same locus among cave populations. Three of the nine
caves manisfesting the brown phenotype harbor coding sequence
alterations in the gene Mc1r (melanocortin-1 receptor). The other six
populations inwhich the brownmutation occurs, may be explained by
cis -regulatory changeswithin the promoter region ofMc1r. Regulatory
mutations can alter expression of the mRNA encoded at a given locus,
and provide a mechanism wherein antagonistic pleiotopy is avoided.
To approach this question, we have cloned the genomic region ~2.8 kb
upstream of the Mc1r start codon. Sequence data demonstrates
numerous sequence alterations that are fixed between surface and
cave form populations, possibly indicating that changes to the putative
promoter region lead to reduced expression of Mc1r in independent
cave populations. This work implies that certain phenotypes arising in
geographically separate cave populations are governed by genes that
are particularly vulnerable to mutation in evolved troglobitic species.
doi:10.1016/j.ydbio.2011.05.570
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Proteoglycan gene expression during Lmx1b-directed limb
dorsalization reveals disparate conservation
Jennifer Feenstra, Molly Estes, Kerby Oberg
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The mechanism by which dorsoventral limb patterning occurs
remains unclear. Lmx1b is a transcription factor that is necessary and
sufficient for limb dorsalization; however direct targets are currently
unknown. Microarray analysis comparing wild-type and Lmx1b
knockout mouse limbs during dorsalization (embryonic day (E)
11.5, 12.5, 13.5) identified four proteoglycans (Keratocan, Lumican,
Decorin, and Aggrecan) that were up-regulated by Lmx1b. To further
characterize the Lmx1b regulation of these genes, we turned to the
chick model. We anticipated Lmx1b up-regulated target genes would
be both dorsally restricted and conserved across tetrapods. To
confirm dorsal restricted expression of these proteoglycans, we used
whole mount in situ hybridization in embryonic mice and chick limbs
throughout limb dorsalization (E11.5, 12.5, 13.5, and 14.5 and
Hamburger-Hamilton stages 23, 25, 27, and 29, respectively).
Aggrecan localizes to condensing cartilage during dorsalization in
mouse and chick limbs. In mice, Keratocan is initially expressed
within the dorsal mesoderm then further localizes to the dorsal
tendons at E14.5. Surprisingly, it was also detected in a few ventral
tendons at E14.5. Lumican and Decorin have similar dorsal expression
patterns in mice. In hindlimbs, there is also focal proximal expression
within ventral mesoderm. In chick limbs, Keratocan and Decorin
show diffuse dorsal and ventral expression with strong staining along
the ventral digits coincident with ventral tendons. Similarly, Lumican
has diffuse dorsal and ventral mesodermal expression. In contrast,
within the autopod, Lumican has sub-AER expression that increases
in intensity with stage progression. The marked difference in
expression between mice and chicks during limb dorsalization was
unexpected. These contrasting expression patterns suggest that the
Lmx1b-directed cascade of gene regulation during limb dorsalization
is not conserved across species. The disparity may also reflect species-
specific variations in dorsal limb structure and function.
doi:10.1016/j.ydbio.2011.05.571
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